Context. BL Cam is an extreme field multiperiodic short-period low-metallicity high-amplitude SX Phe-type variable where its probably complex pulsational content is subject of controversies. Aims. A comprehensive study has been carried out to investigate the nature and pulsational properties of this object. Methods. The analysis is based on new photometric data collected during the last few years at different sites, as well as on all available previously published data. Frequency analyses have been performed on a number of reliable data sets to analyse the pulsational content. In addition, the classical O−C method was used to study the behaviour of the main period. Results. Our frequency analysis confirms some aspects on the multiperiodicity of BL Cam, previously found by other authors, showing a number of secondary modes close to the main frequency f 0 = 25.5769 cd −1 . The secondary modes present eventual amplitude variations. However, the main frequency exhibits no significant changes in its amplitude and seems to correspond to the fundamental mode of radial pulsation. Abrupt changes sometimes observed in the light curves could be due to spurious activity on or close to the star's photosphere. We confirm the existence of a secondary frequency at 31.6 or 32.6 cd −1 , with variable amplitude, and with the possibility of both frequencies being intrinsic to the star. More than one hundred of new times of light maxima have been determined in the present work. These together with those available in the literature allow us a more discriminating analysis of the O-C diagram. This shows that the observed variations of the main period can be described by two terms: (i) a secular increase of the main period at a rate of dP/Pdt = 117(±3) × 10 −9 yr −1 ; and (ii) a perturbation from a companion star in a rather eccentric orbit with a period of 10.5(±0.2) yr causing a light time semi-amplitude of 148(±12) s. . Most display visual peak-to-peak amplitudes larger than ∼0.
Introduction
h 47 m 19 s , δ = +63
• 22 08 , J2000.0, V = 13. m 1, ∆V = 0. m 33) is classified among the dozen field SX Phe-type pulsators known to date (Rodríguez & Breger 2001) . SX Phe stars are detected among field stars, globular clusters and nearby dwarf galaxies (Rodríguez & López-González 2000) . Most display visual peak-to-peak amplitudes larger than ∼0.
m 3 with short periods ( < ∼ 0. d 08) and some belong to double or multiple systems. SX Phe stars have typical Population II characteristics, i.e. they belong to the halo and old disk populations of the Galaxy with low metallicities and high spatial motions. However, they show surprisingly large masses (∼1.0−1.2 M ) and relatively young ages (∼2−5 Gyr) (see e.g., Nemec & Mateo 1990 ), characteristics which are still not fully explained by stellar evolution theory. The field SX Phe stars are pulsating variables located in the Lower Instability Strip, mixed with Population I δ Sct-type variables. Recent reviews for the highamplitude members of this class can be found in Rodríguez (2003 Rodríguez ( , 2004 .
The discovery in the 1980's of three SX Phe variables in the globular cluster ω Cen (Rodríguez & López-González 2000) confirmed that SX Phe and Population I δ Sct variables are different. At present, we know that the majority of the SX Phe variables located in globular clusters belong to their blue straggler (BS) population. These stars are bluer and brighter than the main sequence turn-off of the cluster (e.g., Mateo 1993 ) and their origin is still unclear with various hypotheses having been proposed in the literature: internal mixing in the atmosphere of single stars or mergers of two stars via mass transfer or direct collisions (Livio 1993; Stryker 1993) . The connection between SX Phe stars and the BS phenomenon has been analysed by several authors (e.g. Eggen & Iben 1989; Nemec & Mateo 1990 ). Indeed, the investigation of the SX Phe-type variability can provide valuable advances in understanding the BS phenomenon and the history of the globular clusters themselves.
Additionally, as field high-amplitude SX Phe and δ Sct stars are known to be mostly monoperiodic or double-mode pulsators, their simple frequency spectra allow reliable mode identifications allowing the opportunity to use these pulsators to check the evolutionary tracks predicted by stellar evolution models (e.g., Høg & Petersen 1997) . Period-luminosity relations (Nemec et al. 1994; McNamara 1995) provide new distance scales independent of those derived from other methods, e.g., classical Cepheids or RR Lyr stars. This is of particular interest in globular clusters when a significant number of SX Phe variables are detected in the same cluster allowing precise periodluminosity relations to be determined and used as distance indicators (e.g., Pych et al. 2001; Mazur et al. 2003; Jeon et al. 2003 Jeon et al. , 2004 .
BL Cam presents the second shortest period (P = 0. d 0391) among the known field SX Phe variables (the shortest one corresponds to PL43 = CS22966-043 (Preston & Landolt 1998) with P = 0.
d 0374) and the shortest one among the high-amplitude objects of this type. BL Cam was originally reported by Giclas et al. (1970) as a possible white dwarf star. The variability of this object was discovered during a series of observations of white dwarf stars by Berg & Duthie (1977) . These authors also noted a recurrence of the light curve during 6 cycles over 5 days, a configuration that later turned out to be more complex than suggested by those preliminary results. An investigation of the basic parameters of BL Cam was carried out by McNamara & Feltz (1978) . In particular, their spectroscopic observations showed "an extreme weakness of the K line and the absence of other metal lines". The extreme metal-poor nature of this star ([Fe/H] = −2.4) was later confirmed by McNamara (1997) .
Besides the main pulsation, a secondary periodicity was first identified by Hintz et al. (1997) . Their photometric data suggested a radial double-mode pulsation nature with a primary ( f 0 ) to secondary ( f 1 = 32.6443 cd −1 ) frequency ratio of f 0 / f 1 = 0.783. This ratio fits the observed period-ratio versus metallicity relation established for the known fundamental/firstovertone double-mode high-amplitude radial pulsators in the Lower Instability Strip. However, different values for f 1 were determined by different authors using subsequent observations ( f 1 = 31.5912 cd −1 by Zhou et al. (1999) and f 1 = 32.3182 cd
by Kim et al. (2003) which lead to frequency ratios of f 0 / f 1 = 0.810 and 0.791, respectively). The reason of such different values for f 1 is still unknown and may be due to observational errors or to true changes in the pulsational content of BL Cam. Hence, it is important to solve this question as different frequency ratios have consequences in interpreting its double-mode nature. Furthermore, the data set collected by Zhou et al. (1999) revealed some additional modes of non-radial nature close to the main frequency f 0 . If confirmed by new observations, BL Cam would have the most complex pulsation spectra among the field highamplitude SX Phe-type variables, and one of the most complex among the general population of SX Phe variables. Hintz et al. (1997) were the first to detect a secular increase in BL Cam's primary frequency using the classical O−C method. A more detailed analysis of their O−C diagram, by Breger & Pamyatnykh (1998) , revealed a 0.02 s increase over the last 20 years. This gives dP/Pdt = 290 × 10 −9 y −1 , which is the largest period change detected in any high-amplitude δ Sct or SX Phe variable and cannot be explained by stellar evolutionary models. Nevertheless, Kim et al. (2003) pointed out a reversed trend of the O−C diagram since 1999, leading to a possible sinusoidal behaviour, suggesting that BL Cam might be part of a binary system (with an orbital period of ∼25 yr, Rodríguez 2003) . These controversies make the study of BL Cam even more compelling.
In this paper, new photometric observations of BL Cam have been carried out in order to perform a comprehensive study the behaviour of the main period, making use of the classical O−C method, as well as investigating the nature and pulsation properties of this extreme object.
Observations
The new photometric observations of BL Cam presented in this work were carried out at six observatories in 1996 and from 2003 to 2005. The summary and journal of new observations are given in Table 1 . All observations were obtained with CCDs using various filters, including some observations without any filter.
Most of the data have been obtained with the 0.62 m telescope at the Château-Renard Observatory (2930 m altitude, Saint-Véran, French Alps), a facility operated by the ParisMeudon Observatory and AstroQueyras, an amateur association, and also with the 0.85 m telescope at the Xinglong Station, Beijing Astronomical Observatory (China). Some additional observations have been collected at Mo i Rana Observatory (Norway) with a 0.20 m telescope, at McDonald Observatory (USA) using the 2.10 m Otto Struve telescope, and at Sulphur Flats and Rockville observatories (USA) with 0.40 and 0.45 m telescopes, respectively. In total, more than 100 h of useful data were obtained on 28 nights.
Data reduction
Each CCD frame has been corrected for dark, bias and flatfield. All light measurements were made by synthetic aperture photometry. Atmospheric and differential colour extinction were also calculated and corrected. The typical photometric uncertainties (standard deviation) estimated from the differences between comparison stars are about 0. m 01 to 0. m 03. The comparison stars have not shown any variability at this precision level during our observing runs.
Apart from their variable amplitude, possibly due to multiple periodic modulation (Zhou et al. 1999 , and this work), the light curves of this variable star are strongly asymmetric, with sharp light maxima, and rather round-shaped light minima, occuring at phase 0.58(±0.04) after the maxima. Figure 1 shows an example of a single night's light-curve of BL Cam.
The light curves of BL Cam can follow uncommon behaviours, with very abrupt decreases/increases of the apparent amplitudes from one cycle to another. For example, our October 2003 and February 2004 observations show that the amplitudes can vary widely (∼25% at HJD 2 452 925.5 or 2 453 053.3, or ∼35% at HJD 2 453 051.3) on close successive cycles.
Our B and R observations obtained in 1996 at Château-Renard Observatory show that the colour index (B − R) has a total amplitude of about 0. m 15, the colour index mimima lag at phase ∼0.43 after the maxima, i.e. significantly before phase 0.58 mentioned above for the light minima. The light curve decrease is quicker in blue than in red colour (or viceversa, the blue light increase starts before the red light increase), i.e. the light minima in R filter occurs later than in B.
In all cases the data were used to determine new times of (the sharper) light maximum, by fitting a third degree polynomial on each observed peak. As such, we included 105 new timings of light maximum (T max ) in our ephemeris. The typical error on the 
Frequency analysis
Frequency analysis was carried out on each of the new data sets presented in this work and on those available in the literature that we considered as reliable enough for this purpose. The followed procedure is described in Rodríguez et al. (1998) , where single-frequency and multiple-frequency techniques are combined using both Fourier and multiple least squares algorithms. The multiple-frequency least squares technique always calculates the best fit with all frequencies considered simultaneously.
The purpose of this analysis is to study the multiperiodic content of the light curves in order (i) to confirm the existence of the secondary frequency around 31−32 cd −1 detected by other authors, and determine its real value; (ii) to investigate the existence of eventual additional frequencies detected by Zhou et al. (1999) ; (iii) to study the multiperiodic behaviour over time (i.e. the number of observed frequencies and possible amplitude variations); and (iv) to investigate the behaviour of the main frequency f 0 with time (i.e. its possible amplitude variations).
In our analysis, we assume that the value of the main frequency is already known as f 0 = 25.5769 cd −1 , which corresponds to the period P 0 = 0. d 03909785 derived by Zhou et al. (1999, Eq. (2) ). The mentioned strong asymmetry in the shape of the light curve obviously generates the harmonics 2 f 0 and 3 f 0 in the Fourier analysis, their amplitudes and phases giving a mathematical representation of the asymmetry itself, an asymmetry common to most large amplitude variables (i.e. undergoing nonlinear physical processes). In order to make our analysis as homogeneous as possible, in each data set we first extracted the frequencies f 0 , 2 f 0 and 3 f 0 and then analysed the residuals. A peak of frequency has been considered as significant as soon as it fulfils the criterion given by Breger et al. (1993 Breger et al. ( , 1996 , i.e. an amplitude signal/noise (S/N) ratio ≥4.0 for independent peaks and 3.5 for peaks corresponding to frequency combinations (Breger et al. 1999 ).
In order to compare amplitudes obtained in different filters, all of them have been converted to equivalent amplitudes in the Johnson's V filter. When observations were collected in B or R filters, the corresponding amplitudes can be transformed to V equivalent amplitudes following Balona & Evers (1999, Fig. 2) , assuming a typical δ Sct regime. The following transformation equations were determined: ∆V = 1.36(±0.04)∆R and ∆V = 0.80(±0.02)∆B. Data collected at McDonald Observatory in 2004 were obtained in filter S (i.e. Schott BG 40), which has a peak transmission around λ = 5000 Å (Zhou et al. 2005) . The corresponding equivalent V amplitudes were obtained following the procedure described in Rodríguez (1999) , which yields ∆V = 0.88(±0.03)∆S .
Results

Amplitude variations of the main frequency
We first investigated the possibility of amplitude changes in the main frequency f 0 on the time scale of years. Table 3 lists the amplitudes of f 0 along with the secondary frequency f 1 , when detected in the range 31−32 cd −1 . No significant changes are detected in the amplitude of f 0 which is stable at 146 mmag within ∼10 mmag. It must be noted that the error bars listed in this table are the "formal" error bars as a result of the Fourier fitting, but the "true" ones are slightly larger. Also, some data sets are not long enough, which can induce scatter in the solution of the fits. The amplitudes of f 0 can also be disturbed by the existence of secondary peaks close to f 0 which are not obviously discerned in short data sets (see Sect. 4.1.3). Delaney et al. 2000, unpublished) . These differing results for f 1 can be caused by too short or not reliable enough data sets (high noise levels as compared with the low amplitude commonly found for f 1 ).
The results in Table 3 confirm that f 1 reliably exists and that its value is close to 31.6 cd −1 or 32.6 cd −1 . At least one of these frequencies is present in each data set, although not always detected, and with amplitudes that show a rather large dispersion.
A summary of the frequencies detected in the range 31−32 cd −1 is given in Table 4 . They cluster around the mean values 31.64(±0.05) and 32.64(±0.10) cd −1 . The difference between these two frequencies might be due to the well-known 1 cd −1 alias problem, inherent in single-site data. The frequencies around 32.6 cd −1 show a higher dispersion and, if we consider the two better data sets (i.e. those collected in 1996 and 1999 by Zhou et al. 1999 Zhou et al. , 2001 , f 1 should be 31.6 cd −1 . Is f 1 really a one peak solution with a 1 cd −1 aliasing problem? When analysing the 1999 data set of Zhou et al. (2001) , the best published photometric run for BL Cam, we find the frequency 31.6759 cd −1 along with another peak at 32.5456 cd −1 (Tables 4 and 6 ). This suggests that, at least in some data sets, the peaks detected around 31.6 cd −1 and those around 32.6 cd −1 are intrinsic rather than produced by the 1 cd −1 alias. Possible explanations could be that (i) in some data sets only one frequency is detected because the spectrum resolution is not sufficient to resolve the two frequencies; and/or (ii) amplitude changes lead to sometimes detecting one frequency rather than the other.
Multiperiodicity and microvariability
in the 25 cd −1 region
In addition to f 0 and its two first harmonics (2 f 0 , 3 f 0 ) and f 1 (in the region 31−32 cd −1 ), some other peaks have been detected in the power spectra of BL Cam by Zhou et al. (1999) , in the region close to the main frequency f 0 . Some frequency combinations of the new peaks with f 0 were also found by the same authors. This suggests the existence of microvariability in this star, with additional peaks corresponding to nonradial modes. Sometimes these new peaks have amplitudes larger than f 1 . Similar microvariability has been previously found in some other high-amplitude δ Sct and SX Phe-type variables (SX Phe itself and DY Peg by Garrido & Rodríguez 1996 ; AI Vel by Walraven et al. 1992 ; RV Ari by Pócs et al. 2002 ; RY Lep by Rodríguez et al. 2003) . In order to investigate microvariability in BL Cam, we have re-analysed the data sets available in the bibliography which are reliable for this task: those of Hintz et al. (1997) , Kim et al. (2003) , Wolf et al. (2002) and Zhou et al. (1999 Zhou et al. ( , 2001 . In addition, our best observation runs were also investigated: those obtained at Xinglong Station (in the period November-December 2003) and Château-Renard Observatory (October 2003).
We first extracted the set of frequencies f 0 = 25.5769 cd −1 , 2 f 0 and 3 f 0 and then analysed the residuals, as described above. The new significant peaks detected have then been simultaneously optimized and removed from the data according to Rodríguez et al. (1998) .
We will discuss in some detail the results obtained for the data sets of Zhou et al. (1999 Zhou et al. ( , 2001 which are listed in Tables 5  and 6 together with the corresponding S/N values. For simplicity, the same names are assigned to the same peaks in both tables, whatever their amplitudes. Our results are in very good agreement with those published in Zhou et al. (1999) . In addition to f 1 = 31.5927 cd −1 , other additional independent frequencies f 2 , f 5 and f 7 are detected together with the combinations f 0 + f 2 ∼ f 3 and f 0 + f 5 ∼ f 8 , and the amplitudes of f 2 and f 5 are larger than f 1 . We do not detect at a significant level the linear combination f 0 + f 1 reported by Zhou et al. (1999) . On the other hand, a new significant peak at f 7 = 25.6441 cd −1 and with S/N = 4.4 is detected in our analysis. This is very close to f 7 = 25.6653 cd −1 that we find in our re-analysis of Zhou et al.'s (2001) data. Table 6 and Fig. 2 show the results obtained for the data set collected in 1999 by Zhou et al. (2001) . This is the best run available in the bibliography with about 50 h of observations and 2700 measurements collected during 17 nights spanning 67 days. The majority of these nights are of excellent photometric quality. The results of our analysis confirm the majority of the modes detected by Zhou et al. (1999) . In particular, the independent modes f 2 = 25.2469 cd −1 , f 5 = 25.9122 cd
and f 7 = 25.6653 cd −1 are confirmed. However, their amplitudes are much smaller here and the combination f 0 + f 5 is not detected; only the combination f 0 + f 2 is significantly detected. Interestingly, in addition to the frequency f 1 = 31.6759 cd −1 , another peak is clearly detected at f 4 = 32.5456 cd −1 , as discussed in the previous section. Table 7 summarizes the frequencies detected close to the main pulsation f 0 from different sets. We confirm the independent modes at ∼25.24 cd −1 , ∼25.92 cd −1 and ∼25.65 cd −1 , values very close to those already found by Zhou et al. (1999) . From our data sets, the best is that collected in 2003 at Xinglong Station, although only 3 nights were devoted to observations in the Johnson V filter. One secondary peak was detected at 24.220 cd −1 with low amplitude (7.5 mmag) and S/N ratio (S/N = 3.0). Moreover, when the 2003 data set collected at Château-Renard Observatory is investigated, a secondary significant peak is found at 23.904 cd −1 with S/N = 4.3. As shown in Table 7 , changes in amplitude are evident for the secondary peaks detected in the region of 25 cd −1 . Moreover, most of them present quite low amplitudes and low S/N ratio, which means that they can appear at the extreme limit of, or beyond, reliability.
Discussion
Amplitude variations of the main frequency and stability in the light curves
In Sect. 4.1.1, we have seen that the amplitude of the main frequency f 0 seems to be stable (Table 3) , within our errors with the light curves appearing rather regular "on the average" (e.g. most of Zhou et al.'s 1999 observations). However, a puzzling problem in the pulsation analysis comes from the fact that, from time to time, amplitude variations can appear in the form of progressive decreases or increases on the height of the maximum (e.g. at HJD 2 449 750, Hintz et al. 1997 , Fig. 2 ; or at HJD 2 452 925, Fig. 1 of this paper), as well as on the minima (e.g. at HJD 2 449 748.7, d = 6799.0 in Fig. 6 in Zhou et al. 1999) . In our runs, we observed amplitude variations of ∼25−35% on very close successive cycles (see Sect. 3), and an extreme case of such sudden amplitude variation from cycle to cycle is found in Blake et al. (2000) , with amplitude variations reaching ∼40% (increase/decrease) at half cycle distances (their Fig. 3) . Blake et al. (2000) emphasized that such amplitude modulations seem to be more pronounced in their I bandpass filter. The existence of multiperiodicity can cause modulations of the light curve. However, such rapid and large amplitude variations, as those mentioned above, are difficult to understand in terms of simple close additional frequencies (the energy available in the pulsation should vary by a factor ∼3 according to Blake et al.'s (2000) observations). These abrupt variations can in no way be related to the frequencies determined here, nor can they be the product of a beat/superposition of multiple frequencies at their detected amplitudes. Thus, we suggest that nonpulsation phenomena are superimposed on the multifrequency solution. These perturbations could be due to strong stellar activity appearing at the level of the star's photosphere, bound to the inner layers of the star, or brought by the rather violent pulsation, into the star's atmosphere.
Double-mode star and nature of the pulsation modes
According to Sect. 4.1.2, the existence of a secondary frequency f 1 in the 31−32 cd −1 range is confirmed, with a mostlikely value of ∼31.6 cd −1 , though another independent frequency at ∼32.6 cd −1 could also exist. However, the question of these being independent frequencies remains open as long as we do not have multi-longitude coordinated data.
Although Nemec et al. (1994) have initially assigned a first overtone status to the principal frequency of BL Cam, one can argue that it corresponds to the fundamental mode f 0 of radial pulsation, on the following bases: (i) the atmospheric parameters derived, e.g. in Zhou et al. (1999) , lead to a pulsation constant Q of about 0. d 031; (ii) McNamara (1995 McNamara ( , 1997 pointed out that the pulsating stars of this type with V amplitudes larger than ∼0.25 mag and asymmetric light curves are fundamental mode pulsators; (iii) as discussed in (Sect. 3), for 1996 B and R data, the R maxima lag the B ones. Taking into account f 0 , 2 f 0 and 3 f 0 , the Fourier analysis of these data leads to a positive phase-shift of 0.014(±0.003), which suggests a radial nature for the f 0 mode (Balona & Evers 1999) .
We will now examine the real frequency and nature of f 1 . If the frequency of f 1 ∼ 32.6 cd −1 is assumed, the ratio f 0 / f 1 ∼ 0.785 is compatible with a radial first overtone identification for f 1 . Given the extreme low metallicity of BL Cam, this period ratio is in agreement with the relations "period ratio versus metallicity" established for double-mode high-amplitude δ Sct and SX Phe pulsators (Hintz et al. 1997; Kim et al. 2003) . This f 1 value is also consistent with Petersen diagrams for period ratio versus period (Petersen & Christensen-Dalsgaard 1996; Olech et al. 2005) : the theoretically predicted period ratios π 1 /π 0 increase quickly towards shorter periods, with differences for stars in the 0. d 04−0. d 125 range arrising mainly from differences in metallicity. BL Cam should also fit the Petersen diagrams shown in Poretti et al. (2005) where it can be compared with a sample of Population I and II double-mode high-amplitude pulsators. It can be seen in these diagrams that the main differences in the period ratios come from differences in mass for the longer periods (P > 0. d 15). However, if we assign f 1 ∼ 31.6 cd −1 and thus a ratio of f 0 / f 1 ∼ 0.810, our actual period ratio is too high at any metallicity for Petersen's π 1 /π 0 diagrams, and is too low at low metallicities for π 2 /π 1 diagrams (Olech et al. 2005 ). The 0.810 value could only be identified with that derived from first and second overtones for radial pulsation at solar abundances (Stellingwerf 1979) . As this is unrealistic for BL Cam, the nonradial interpretation is best suited for f 1 .
Furthermore, if we consider the four best data sets in Table 3 , i.e. those of Hintz et al. (1997) , Zhou et al. (1999) , Zhou et al. (2001) and the present work (2003 data set collected at Xinglong Station), the corresponding amplitudes for f 0 are 146.5, 146.8, 145.7 and 146.9 mmag, and those for f 1 are 9.0, 11.5, 7.0 and 9.6 mmag. It suggests that, although the amplitude of f 0 seems to be very stable, there could be some real variation in the amplitude of f 1 . If this is true, it could be an indication of nonradial pulsation for this mode, although one has to examine very carefully the corresponding amplitude S/N ratio at the level of millimagnitudes. Nevertheless, it might also be that the amplitudes listed for f 1 correspond to a mixture of modes at ∼31.6 and ∼32.6 cd −1 with both peaks being real pulsation modes. Hence, new and precise photometric observations should be crucial to discern if both peaks are real. Moreover, multicolour observations should also be very useful to discriminate their radial or nonradial nature. Table 7 ).
4.2.3. Multiperiodicity and microvariability in the 25 cd −1 region
The frequencies detected near f 0 (Table 7 ) seem to cluster in three groups around 25.25(±0.03), 25.65(±0.02), and 25.92(±0.02) cd −1 . Their occurrence was found as significant in 4, 3 and 3 times, respectively, if we include the two detected aliases at a 1 or 2 cd −1 "distance" (Table 8 ). Some other frequency peaks have been detected at 24.22 cd groups) are nearly symmetric on each side of the main frequency f 0 = 25.58 cd −1 . We cannot distinguish whether it is a physical splitting of this frequency f 0 (if the star rotates in a few days) or if it is a pure mathematical artefact, but it is likely not a coincidence. A small distorsion of the light curve or a simple modulation of the main frequency and/or of its amplitude during short observation sessions could create, in the Fourier analysis, some spurious frequencies quite close to the principal peak. Considering that it has been reported by several authors using various data sets with differing alias issues, we believe they are most likely intrinsic pulsations within the star.
According to our analysis, performed with old and new data sets in a homogeneous framework, multiperiodicity probably exists around 25.25, 25.65 and 25.92 cd −1 . However, these secondary frequencies should be checked and confirmed from longer-duration observations and/or multi-site photometric campaigns. Figure 3 shows the evolution of the O−C values with Heliocentric Julian Dates, calculated for the main frequency f 0 , using 415 available times of light maximum of Berg & Duthie (1977) , Blake et al. (2000) , Hintz et al. (1997) , Kim et al. (2003) , McNamara & Feltz (1978) , Rodríguez et al. (1990) , Van Cauteren & Wils (2000) , Wolf et al. (2002) and Zhou et al. (1999 Zhou et al. ( , 2001 , and our new maxima (Table 2 ). In this diagram we converted the light minima given by Van Cauteren & Wils (2000) to maxima by adding 0.58 of a period, according to the phase lag determined above (Sect. 3). Due to the very large discrepancy with the rest of their data, five light maxima of Zhou et al. (1999) were not taken into account, at HJD 2 448 297.3617 and .3958, 2 448 298.1000 and .1397, 2 448 299.0367. The O−C values were calculated using the linear ephemeris given by Zhou et al. (1999, Eq . (2) 3 years) that was first interpreted as a period decrease caused by binarity (reversed trend, Kim et al. 2003) . More recent observations (Wolf et al. 2002) showed that this was indeed an almost horizontal feature in the O−C diagram, with a rather large vertical dispersion. (iii) The third part of the diagram (our 2003 to 2005 observations) shows that BL Cam has resumed its period increase (if we only consider the last 2.6 years, i.e about HJD 2 452 520 to 2 453 478, the mean period should have increased at least by 1.29 × 10 −7 dc −1 or ∼0.0003% per cycle).
The O-C diagram
Description
The variable shape/amplitude of the star light variations could account for a large part of the typical ∼0.
d 002 vertical dispersion in the O−C diagrams. As already pointed out by Hintz et al. (1997) , the combination of the two f 0 and f 1 frequencies with their respective amplitudes can explain part of the intrinsic dispersion of the light maxima plotted in the O−C diagrams, around the mean value given by the f 0 frequency (e.g., in our 2003 data, it leads to a ±0. 
Interpretation as a light travel time (LTT) effect
The last 4500 days of the O−C diagram display significant deviations from the mean parabola of a linear period increase. These deviations could be either abrupt changes (revealing adjustments of the principal pulsation period) as suggested by Koen (2000) , or cyclic variations due to light travel time effect in a binary. Indeed, when the parabolic fit is removed from the O−C diagram an almost cyclic variation remains.
An explanation could be small transitory readjustments of the internal structure of the star (around the mean secular trend shown by the parabolic O−C behaviour), generating small discontinuous "jumps" between stable but transient periods. Given Table 9 . Top: residuals from the fitting. the dispersion in the observed O−C diagram, this could mimic an oscillation. However, a hybrid adjustment using a parabola and two straight-line segments respectively for the first and last two parts of the O−C diagram does not give a satisfactory fit: an oscillatory trend remains. As such, discontinuous period jumps are not completely excluded, although we do not favour this hypothesis. Accordingly, we have carried out a binary analysis of the O−C diagram. The expressions that describe the light-travel time (LTT) effect as a function of the orbital properties were first provided by Irwin (1952) . In our work, we used Eq. (1) of Ribas et al. (2002) , which is similar to Eq. (2) of Irwin (1952) . The O−C timings obtained after HJD 2 449 000 were selected to cover about one cycle of the possible secondary body. With the full set of timings (and their corresponding uncertainties) given by the different authors, fits were run with given weights proportional to 1/(sigma 2 ). When no uncertainty was available, we adopted a median uncertainty value of ±0. d 0005. The following parameters were considered in our fits: semiamplitude, eccentricity, argument of periastron, orbital period, date of periastron passage. Solutions with free eccentricity were found to be unstable. This is because the fit quality is degenerate with respect to this parameter and the fits can attain arbitrarily large values. So fits were run by fixing eccentricity to values between 0 and 1 at regular steps. The fits clearly prefer highly eccentric values, greater than 0.5. When the eccentricity changes from 0.5 to 0.7 and then to 0.9, the improvement is hardly perceptible. As such, a value of 0.7(±0.2) was adopted. We obtained a tentative period of 10.5(±0.2) yr with a semiamplitude of 148(±12) s in O−C. The set of orbital elements of the binary system are presented in Table 9 .
Figure 4 (bottom) shows the O−C diagram fitted with the parameters of Table 9 . The root mean square residual (top of Fig. 4 ) is ±0.
d 001, and residuals do not show any systematic trends.
Discussion
Based on analysis of the O−C residuals, some high-amplitude pulsators in the Lower Instability Strip have been reported as or suspected to be members of binary systems (Rodríguez 2003) , BL Cam being one of the candidates. Previous authors have estimated the increasing rate of the main period of BL Cam with a parabolic fit. Hintz et al. (1997) and Zhou et al. (1999) found respectively dP/Pdt values of 290× 10 −9 yr −1 and 171 × 10 −9 yr −1 . In the same way, with all available and new O−C data, we find 188(±8) × 10 −9 yr −1 . However, in the case of the binarity hypothesis, the O−C diagram can be better described by a secular increase of the period at a rate of dP/Pdt = 117(±3) × 10 −9 yr −1 (i.e. 1.08(±0.03) × 10 −6 s d −1 ), in addition to the 10.5(±0.2) yr orbital period of the system.
We can draw up a tentative representation of the system of BL Cam. Using Kepler's Third Law, and adopting a mass of ∼1 M for BL Cam (McNamara 1997), Table 9 indicates a range in mass of 0.1 to 0.5 M (with a minimum of ∼0.1 M ) for the secondary body with a semi-major axis of ∼5−6 AU. As we did not find any eclipse in the light curves, the inclination of this possible high eccentricity binary system cannot be determined.
However, some observational evidence is opposed to the binary hypothesis. Though there is no obvious systematic trend in the scatter of the residuals in Fig. 4 (top panel), we note that the latest O−C values (HJD 2 453 264 to 2 453 478) have residuals larger than expected from the LTT effect model based on our previous values (Fig. 4) . As already mentioned in Sect. 5.1, there is a large dispersion (∼0. This should be of crucial importance in our understanding of the processes taking place in BL Cam and stars of similar evolutionary status. As discussed in previous reviews (Breger & Pamyatnykh 1998; Rodríguez 2003) , the large and positive rate of period change determined in BL Cam is not predicted by the evolutionary tracks. The observed rate is much larger than predicted by the models. On the one hand, the binary hypothesis could be a partial explanation of this discrepancy. Binarity could also be the cause of similar disagreements found for other high-amplitude δ Sct and SX Phe variables (Rodríguez & Breger 2001) . On the other hand, the existence of jumps in the O−C diagram of BL Cam should not be completely ruled out. Possible sudden jumps could occur in a number of these variables, although they are commonly shown as an alternative to parabolic fits and the choice between the two options is not an easy task.
Our observed period variation in BL Cam is also positive, which is consistent with all the previous determinations. However, such period variation is opposite to that observed in the rest of the high-amplitude SX Phe pulsators with reliable determinations, with the possible exception of XX Cyg (Zhou et al. 2002; and Blake et al. 2003 find dP/Pdt ∼ 10 × 10 −9 yr −1 for this star). This makes BL Cam a very interesting object: the precise determination of its O−C behaviour will give us insights on what part of the period change rate can be explained by standard stellar evolution and what part explained by non-evolutionary effects. It could also give us some insight on the role of the nonevolutionary effects in the O−C diagrams.
Conclusions
A comprehensive study of the high-amplitude SX Phe-type pulsator BL Cam is presented. An investigation of the pulsation content of this variable has been performed, using both previously published data and our new observations obtained in 1996, and during the years 2003 to 2005.
Our frequency analysis confirms the existence of multiperiodicity in this star, as pointed out by previous authors. Independent peaks have been significantly detected in the region close to the main frequency f 0 = 25.5769 cd −1 ; in particular at around 25.25, 25.65 and 25.92 cd −1 , and which also show signs of amplitude variability. Nevertheless, the main frequency does not exhibit significant amplitude changes and probably corresponds to the fundamental mode of radial pulsation. We also confirm the existence of at least one frequency in the of region 31−32 cd −1 . Our results suggest the existence of two independent frequencies in this region at about 31.6 and 32.6 cd −1 , but the frequency at 31.64(±0.05) cd −1 is the most reliably detected. Sudden amplitude variations in the light curves, within a very few pulsation cycles, suggest that strong stellar activity can occasionally occur and is superimposed upon the pulsation.
These topics make BL Cam a very good and unique target among the field high-amplitude SX Phe-type variables for further studies from an asteroseismological point of view in order to constraint its pulsation parameters. Furthermore, multicolour photometric observations, in at least two filters, will be very important to prove the radial nature of f 0 and discern the true nature of the intrinsic peaks in the region 31−32 cd −1 . If confirmed, the radial double-mode nature of this star would be a significant find as it would add constraints to the period-luminosity and/or period-metallicity relations for high-amplitude pulsators in the Lower Instability Strip because of its extreme short period and low metallicity. Improved precision in the period ratios of BL Cam will also improve the Petersen diagrams.
We also studied the behaviour of the main period making use of the classical O−C method. The new O−C diagram, completed by our 2003 to 2005 measurements, suggests that a sinusoidal behaviour is superimposed to the classical parabolic one since the first half of the 1990's, when the star has been more frequently observed. Although we do not definitely discard discontinuous variations of the main pulsation period, we have shown that the observed variations of the period can be described by two terms: (i) a secular increase of the main period at a rate of dP/Pdt = 117(±3) × 10 −9 yr −1 , and (ii) a perturbation from a companion star in a rather eccentric orbit with a period of 10.5(±0.2) yr causing a light time semi-amplitude of 148(±12) s. To gain insights on the true behaviour on the main period in the O−C diagram, it will be of great interest to locate this variable in the observational framework among the highamplitude pulsators in the Lower Instability Strip. This would place direct (and likely opposing) constraints on stellar evolution models, and could provide insight on the possible secondary effects taking place at this stage of stellar evolution (see e.g., Rodríguez et al. 1995; Breger & Pamyatnykh 1998) .
BL Cam obviously deserves continued photometric monitoring in the coming years. Remaining observational issues are to confirm our detected frequency content, pulsation behaviour and checking our O−C binary hypothesis. To shed some light on these issues, the organization of a coordinated multisite photometric campaign with observations from several observatories at different longitudes would be of a great importance. We are already working in this direction for the near future.
